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FOREWORD 


The  research  described  in  the  report  was  performed  by  the  Laboratory  of  Avia¬ 
tion  Psychology,  The  Ohio  State  University,  Columbus,  Ohio,  under  Contract  No. 

AF  33( 6l6)— 7269  during  the  period  1  May  I960  to  1  July  1962  for  Behavioral  Sciences 
Laboratory,  6570th  Aerospace  Medical  Research  Laboratories,  Aerospace  Medical  Divi¬ 
sion.  This  is  one  of  several  laboratory  research  activities  being  carried  out  on 
the  subject  contract  on  "Techniques  for  Promoting  the  Long-Term  Retention  of 
Learned  Skills."  Dr.  George  E.  Briggs  is  the  Principal  Investigator. 

This  contractual  work  was  performed  under  Project  1710,  "Training,  Personnel, 
and  Psychological  Stress  Aspects  of  Bioastronautics,"  Task  171003,  "Human  Factors 
in  the  Design  of  Systems  for  Operator  Training  and  Evaluation,"  with  Dr.  T.  E. 
Cotterman  as  Task  Scientist.  The  contract  was  initiated  and  monitored  until  June 
1961  by  Mr.  Frederick  H.  Kresse  of  the  Operator  Training  Section,  Training  Re¬ 
search  Branch,  Behavioral  Sciences  Laboratory.  Subsequent  monitoring,  inclusive 
of  the  studies  reported  here,  has  been  carried  out  by  Dr.  Cotterman.  Mr.  Kresse 
provided  valuable  assistance  in  the  development  of  the  experimental  task  and  Dr. 
Cotterman  provided  most  helpful  comments  on  an  initial  draft  of  this  report. 


ABSTRACT 


Two  studies  were  performed  to  investigate  the  influence  of  various  methods 
of  task  rehearsal  upon  the  retention  of  a  time-shared  task.  Experiment  I  exam¬ 
ined  retention  as  a  function  of  four  rehearsal  conditions  (part  task,  whole 
task,  simplified  task,  and  none).  Subjects  in  each  of  the  groups  trained  for 
8  days,  returned  6  days  later  for  2  days  of  rehearsal,  and  then  returned  again 
after  7  more  days  for  a  retention  test.  Experiment  II  examined  retention  both 
as  a  function  of  3  rehearsal  methods  (whole,  part,  and  none)  and  amount  of 
training  (5  or  10  days).  Subjects  returned  for  2  days  of  rehearsal  10  days  after 
Completion  of  training  and  then  returned  for  retest  9  days  later.  Tracking  per¬ 
formance  in  both  studies  showed  significant  effects  due  to  rehearsal  methods. 

In  Experiment  I  part  rehearsal  was  superior,  while  in  Experiment  II  whole  re¬ 
hearsal  was  found  to  be  best. 
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INTRODUCTION 


Host  tasks  which  involve  control  of  a  vehicle  are  multidimensional  in 
nature,  i.e.,  the  operator  is  required  to  perform  more  than  one  subactivity. 

The  array  of  subtasks  making  up  the  total  or  whole  task  may  all  be  similar  in 
nature  or  they  may  be  widely  diversified  in  terms  of  the  types  of  activities  and 
skills  called  for.  Because  of  the  increasing  complexity  of  modern  vehicular  con¬ 
trol  tasks,  a  great  deal  of  interest  has  centered  on  the  feasibility  of  part-task 
training  and  part- task  trainers  (refs.  3,  h,  10,  17)  in  an  attempt  to  reduce  the 
time  and  to  increase  the  efficiency  of  training  individuals  to  a  desired  level 
of  skilled  performance. 

The  general  finding  of  most  part-whole  training  comparisons  has  been  that 
whale  practice  generally  is  superior  (ref.  12),  although  Briggs,  Naylor,  and 
Fuchs  (ref.  5)  obtained  results  which  indicated  that  for  tasks  of  low  organiza¬ 
tion,  part  practice  may  become  superior  if  task  difficulty  is  set  at  a  high 
level.  One  explanation  for  the  almost  perpetual  superiority  of  whole  training 
is  that  such  practice  provides  experience  on  the  time-sharing  aspects  of  the 
entire  task  complex  (refs.  lj,  6,  10,  11,  16). 

Time-sharing,  as  a  characteristic  of  complex  control  tasks,  is  imposed  upon 
the  operator  by  the  fact  that  responses  in  two  or  more  task  dimensions  must  be 
made  concurrently.  Thus,  not  only  must  skill  be  learned  for  each  task  component, 
but  also  the  operator  must  learn  adequate  ways  of  performing  simultaneously  on 
the  several  task  components.  While  in  the  strict  sense  time-sharing  may  be  con¬ 
sidered  to  involve  two  or  more  responses  p  irformed  simultaneously,  in  many  cases 
it  is  also  appropriate  for  describing  de^:?  ids  created  by  a  task  having  an  inter¬ 
lacing  of  two  or  more  response  types  over  time  (ref.  9).  Several  studies  have 
examined  the  validity  of  the  hypothesis  that  part  training  is  less  efficient 
than  whole  practice  for  tasks  having  time-sharing  requirements.  Dougherty, 
Houston,  and  Nicklas  (ref.  7)  failed  to  find  evidence  that  such  was  the  case. 
However,  Adams,  Hufford,  and  Dunlop  (ref.  1),  in  a  quite  thorough  examination 
of  the  question,  did  show  the  importance  of  learning  to  time-share  concurrent 
activities. 

If  the  time-sharing  hypothesis  is  valid,  i.e.,  if  time-sharing  does  comprise 
a  skill  to  be  learned  over  and  above  the  skills  required  on  the  several  task  di¬ 
mensions,  it  follows  that  this  skill  may  also  be  subject  to  forgetting  as  are 
other  learned  capabilities.  That  such  is  indeed  the  case  was  made  apparent  by 
Hufford  and  Adams  (ref.  9)  who  found  that  part  practice  was  not  sufficient  to 
re-establish  completely  a  former  skill  level  on  a  time-shared  task  after  10 
months  without  practice.  Only  through  the  use  of  whole  practice  was  it  possible 
to  achieve  performance  levels  equivalent  to  those  found  at  the  end  of  initial 
training.  Thus,  it  appears  that  the  retention  of  a  task  involving  time-shared 
responses  depends  upon  both  (a)  the  degree  of  skill  loss  for  the  separate  re¬ 
sponse  classes  and  (b)  the  degree  of  skill  loss  for  the  time-sharing  aspect  of 
the  task.  Therefore,  any  procedure  designed  to  facilitate  the  retention  of 
skill  for  a  complex  task  should  involve  techniques  designed  to  maintain  both 
component  and  time-sharing  skill. 

A  standard  procedure  for  maintaining  proficiency  on  a  complex  task  is  to 
provide  the  operator  with  some  means  of  rehearsal  at  one  or  more  stages  during 
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the  retention  interval.  This  rehearsal  may  utilize  the  whole  task  or  may  involve 
a  systematic  modification  of  that  task,  e.g.,  part-task  training,  simplified  task 
training,  etc.  VI th  rehearsal,  as  with  original  training,  there  is  the  problem 
of  determining  to  what  degree  it  is  necessary  to  duplicate  the  operational  task 
in  order  to  maintain  a  skill  that  has  already  been  acquired.  Thus,  Naylor  and 
Briggs  (ref.  13),  using  a  procedural  task  involving  a  series  of  discrete  responses, 
found  that  whole-task  rehearsal  was  superior  to  part  practice  on  either  the  tem¬ 
poral  or  spatial  characteristics  of  the  task,  which  in  turn  were  better  than  no 
rehearsal.  Similarly,  Sackett  (ref.  1$)  showed  that  actual  task  rehearsal  was 
better  than  deliberate  "mental”  rehearsal  which  in  turn  was  more  efficient  in 
maintaining  proficiency  than  no  rehearsal  at  all. 

Assuming  the  utility  of  task  rehearsal  as  a  means  of  sustaining  proficiency, 
the  question  arises  concerning  what  method  of  rehearsal  is  most  appropriate  for 
a  task  involving  time-sharing  skills.  The  alternative  methods  of  rehearsal  train¬ 
ing  which  are  available  are  the  standard  ones:  whole-task  rehearsal,  part-task 
rehearsal,  and  "simplified"  rehearsal,  i.e.,  practice  on  a  task  which  contains 
all  the  aspects  of  the  operational  task  but  at  levels  of  difficulty  which  are 
less  demanding.  Since  rehearsal  is  merely  additional  practice  during  the  reten¬ 
tion  interval,  it  would  seem  likely  that  the  rehearsal  methods  should  exhibit  the 
same  hierarchy  of  efficiency  as  found  in  training.  Thus,  for  a  task  involving  a 
time-sharing  dimension,  whole  rehearsal  should  be  superior  to  part-task  rehearsal, 
since  such  practice  allows  for  maintaining  both  the  time-sharing  and  the  component 
skills  necessary  for  successful  task  performance.  Similarly,  it  might  be  expected 
that  simplified  rehearsal  also  would  lead  to  better  retention  than  part-task  re¬ 
hearsal,  as  practice  on  time-sharing  is  still  present  even  though  the  difficulty 
of  the  separate  task  components  has  been  reduced. 

The  purpose  of  the  research  reported  here  was  to  investigate  the  above 
possibilities  concerning  the  various  types  of  rehearsal  as  means  of  facilitat¬ 
ing  the  retention  of  a  time-shared  task.  In  addition,  the  studies  were  designed 
to  examine  the  relative  loss  of  skill  on  the  individual  task  components — one 
which  was  a  continuous  response  dimension  and  one  which  was  procedural  (discrete) 
in  nature. 


METHOD 


Experiment  I 

The  first  study  was  designed  to  compare  three  rehearsal  techniques:  whole- 
task  rehearsal,  part-task  rehearsal,  and  simplified  whole-task  rehearsal. 

Apparatus:  The  subjects  (Ss)  were  required  to  perform  a  two-component  task 
concurrently  during  both  training  and  retention  test.  The  two  component  tasks 
were  independent  and  each  involved  qualitatively  different  responses  and  objec¬ 
tives.  One  task  was  procedural  (discrete  response)  in  nature  while  the  other  was 
a  continuous,  three-dimensional,  compensatory  tracking  task.  Both  tasks  have 
been  defined  in  detail  previously  (refs.  13,  lU).  The  procedural  task  consisted 
of  a  panel  of  nine  pairs  of  stimulus  lights  (one  amber  and  one  red)  with  1-inch 
vertical  separation  between  pairs.  To  the  left  of  each  pair  were  three  response 
buttons  labeled  "Emergency,"  "OK,"  and  "Check."  If  an  amber  light  occurred,  S 
pressed  the  OK  button;  if  a  red  light  appeared,  he  responded  by  pressing  the 
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corresponding  emergency  and  OK  buttons  in  that  sequence}  and  if  no  light  at  all 
occurred  at  the  specified  time,  S  responded  with  the  sequence  of  check,  emergency, 
OK.  A  correct  response  or  response  sequence  resulted  in  the  light  being  locked 
into  the  amber  or  OK  condition.  Any  failure  to  produce  the  appropriate  response 
sequence  resulted  in  the  red  light  being  locked  in. 

The  procedural  task  panel  was  situated  approximately  2  feet  from  S's  left 
shoulder  and  30°  to  the  left  of  center  of  his  frontal  vision.  The  panel  was 
rotated  in  such  a  manner  that  the  plane  area  of  the  panel  was  maximal.  By  use 
of  a  1-second  stepping  switch  it  was  possible  (a)  to  program  the  spatial  order 
of  the  nine  stimulus  events,  (b)  to  program  the  duration  of  each  stimulus  event, 
and  (c)  to  program  the  time  between  the  onsets  of  the  stimulus  events.  In  addi¬ 
tion,  the  experimenter  (E)  was  able  to  program  the  initial  condition  for  each 
stimulus  event:  red,  amEer,  or  no  light. 

A  particular  level  of  procedural  task  organization  was  used  through  the 
entire  experiment.  The  exact  level  of  organization  used  was  set  in  terms  of 
the  spatial  contingency  relationships  of  the  stimulus  event  pairs,  the  spatial 
sequence  used  being  1,  5,  2,  9,  8,  3,  6,  7,  2i,  where  1  refers  to  the  top  pair 

of  lights,  2  to  the  next  pair,  and  so  on.  Since  the  sequence  of  positions  in¬ 

volved  sampling  light  positions  without  replacement,  an  appropriate  index  of 
the  sequential  relationships  is  the  informational  metric  H  calculated  on  the 
basis  of  the  relationships  between  changes  in  light  positions  rather  than  on 
the  basis  of  light  positions  themselves?  The  ft  for  this  sequence  was  2.808 
bits.  This  was  identical  to  the  low  organization  sequence  used  in  the  prior 
retention  study  with  this  apparatus  (ref.  li*). 

The  duration  of  each  stimulus  event  was  set  at  1}  seconds.  The  S  was  re¬ 
quired  to  activate  the  appropriate  response  button  or  buttons  within“this  time 
or  the  red  light  automatically  locked  in.  There  was  a  constant  interval  of  6 

seconds  between  stimulus  event  onsets  (b  seconds  for  a  stimulus  event  plus  2 

seconds  delay  before  the  next  stimulus  event). 

The  tracking  task  was  three  dimensional,  providing  simulation  of  the  three 
attitude  control  dimensions  of  a  vehicle  in  free  flight  (roll,  pitch,  and  yaw): 
rate  control  dynamics  were  present  in  all  three  dimensions.  The  display  panel 
was  19*  10.5  inches  and  was  situated  directly  in  front  of  S  to  the  right  of  the 
procedural  task  display.  Three  pairs  of  center-null -position  meters,  li-5/8 
inches  wide  x  h-l/2  inches  high,  were  mounted  in  two  rows  of  three  each  on  the 
panel,  with  the  upper  dial  of  each  pair  providing  S  with  attitude  error  and 
the  lower  dial  providing  rate  error.  The  dials  were  labeled,  from  left  to 
right:  roll,  pitch,  and  yaw.  The  input  signal  was  a  simple  sine  wave  of  0.01 
cycle  per  second  as  generated  by  a  Hewlett-Packard  Model  202A  signal  generator, 
and  this  signal  was  tracked  in  all  three  dimensions  simultaneously.  The  S 
utilized  a  three-dimensional  control  stick  for  his  tracking  response. 

Left-to-right  stick  movement  controlled  roll}  front-to-back  movement  con¬ 
trolled  pitch}  and  rotation  (twisting)  around  the  axis  of  the  stick  controlled 
yaw.  The  control  stick  was  mounted  to  the  floor  approximately  1  foot  in  front 
of  S.  Height  of  the  stick  was  28  inches,  and  all  control -display  relationships 
were  compatible,  i.e.,  they  conformed  to  population  stereotypes.  The  displace¬ 
ment  in  degrees  of  the  control  for  each  of  the  control  dimensions  was  as  follows: 
roll,  *  60°}  pitch,  ±  60°}  and  yaw,  ±  90°.  The  control-display  gain  was  0.025 
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inch/second  of  display  pointer  movement  for  each  degree  of  arc  of  the  control 
stick.  The  spring  loading  of  the  control  was  approximately  1  ounce  per  degree 
of  arc. 

Experimental  Design:  Table  1  shows  the  four  experimental  groups  and  the 
associated  experimental  conditions,  with  the  conditions  during  rehearsal  being 
the  critical  experimental  distinction  between  groups.  Whole-task  rehearsal 
consisted  of  practice  on  both  subtasks  simultaneously,  part-task  rehearsal  in¬ 
volved  practicing  each  component  separately,  and  simplified  rehearsal  was  simi¬ 
lar  to  whole-task  practice  except  that  the  dynamics  of  the  tracking  task  were 
reduced  to  position  control  instead  of  rate  control  in  all  three  dimensions; 
thus,  time-sharing  practice  was  still  present,  but  the  overall  task  difficulty 
was  lessened  under  the  simplified-rehearsal  condition.  During  rehearsal  the 
whole  and  the  simplified-whole  groups  received  one-half  the  number  of  trials  as 
the  part-rehearsal  group  so  that  the  number  of  trials  on  each  subtask  would  be 
equated  across  groups. 

Subjects  and  Procedure:  A  total  of  60  undergraduate  males  served  in  the 
experiment.  All  were  volunteers  who  received  $1.00  per  experimental  session. 

All  Ss  were  instructed  in  the  operation  of  both  the  procedural  and  the  tracking 
tasks.  Following  the  instructions  in  the  first  session,  S  received  four  70- 
second  trials  on  each  of  the  two  tasks  separately,  i.e.,  a  part-task  training 
schedule  was  employed.  Part  training  continued  through  the  fourth  session  with 
12  trials  per  session  (six  per  task).  During  part  training  all  procedural  trials 
were  given  first  each  day,  followed  by  the  tracking  task.  Whole  training  began 
with  session  5  and  was  continued  through  the  end  of  the  training  period  (session 
8).  Tracking  performance  was  scored  over  the  last  60  seconds  of  each  trial  and 
the  onset  of  scoring  coincided  with  the  first  stimulus  event  on  the  procedural 
task,  i.e.,  S  tracked  alone  for  the  first  10  seconds  of  each  70-second  trial. 

In  this  way  scoring  on  the  tracking  coincided  with  scoring  on  the  procedural 
task.  Six  days  following  the  end  of  training  those  subjects  receiving  rehearsal 
returned  for  two  days  of  additional  practice.  After  a  lapse  of  seven  more  days 
all  Ss  returned  on  the  retest  session. 


TABLE  1 

CONDITIONS  DURING  TRAINING  AND  REHEARSAL  DEFINING  THE 
POUR  EXPERIMENTAL  GROUPS  IN  EXPERIMENT  I 


Group 

Training 

Retention 

Rehearsal 

Retention 

Retest 

1  • 

It  days  PT,  It  days  WT 

6  days 

2  days  PT 

7  days 

1  day  WT 

2 

It  days  PT,  It  days  WT 

6  days 

2  days  WT 

7  days 

1  day  WT 

3 

it  days  PT,  It  days  WT 

6  days 

2  days  ST 

7  days 

1  day  WT 

It 

It  days  PT,  It  days  WT 

6  days 

2  days  NT 

7  days 

1  day  WT 

Note:  WT  =  Whole-task  training  (both  tasks  together). 

PT  =  Part-task  training  (tracking  and  procedural  separately). 

ST  =  Simplified-task  training  (simplified  tracking  and  procedural 
together) . 

NT  =  No  task  rehearsal. 


It 


Each  session  of  whole  training  consisted  of  three  blocks  of  four  trials  on 
the  combined  task.  Rehearsal  consisted  of  six  whole-task  trials  for  groups  2  and 
3  at  each  session  and  twelve  part-task  trials  (six  procedural,  followed  by  six 
tracking)  for  group  1.  Retest  consisted  of  six  whole-task  trials  for  all  groups. 

Integrated  absolute  error  served  as  the  performance  metric  for  the  tracking 
task  and  this  score  was  taken  for  each  of  the  three  task  dimensions  separately 
and  then  summed  for  each  S.  Performance  on  the  procedural  task  was  evaluated 
in  terms  of  three  metrics?  total  response  time  for  the  nine  stimulus  events  of 
each  trial,  number  of  commissive  errors  (button  presses  in  excess  of  the  re¬ 
quired  number  and/or  button  presses  which  were  incorrect  for  the  particular 
stimulus  condition),  and  number  of  omissive  errors  (number  of  times  S  failed 
to  respond  correctly  at  the  appropriate  time).  ~ 

Although  the  spatial  sequence  and  the  time  intervals  between  stimulus  events 
were  constant  for  S,  the  actual  stimulus  conditions  (amber  light,  yellow  light, 
or  no  light)  were  programmed  by  E  to  change  from  trial  to  trial  and  from  day  to 
day.  The  schedule  was  as  follows: 

Session  1:  No  off-light  conditions  were  used;  S  experienced  four 
red  and  five  amber  light  conditions  on  each  trial  with  the  order  of 
conditions  ri_»domized. 

Session  2:  No  off-light  conditions  during  the  first  three  trialsj 
position  2  was  an  off-light  during  the  last  three  trials.  The  amber 
programming  procedure  remained  the  same. 

Session  3:  No  off-lights  on  trials  1  and  h,  two  off-lights  on 
trials  2  and  3  (positions  2  and  h)  and  three  off-lights  on  trials  h 
and  5  (positions  2,  U,  6).  Amber  same  as  above. 

Session  U:  No  off-lights  on  trials  1  and  h,  four  off-lights  on 
all  other  trials  (positions  2,  h,  6,  and  8).  Amber  same  as  above. 

Session  5:  Four  off-lights  on  every  trial  (positions  2,  k,  6,  and 
8).  Amber-light  sequencing  remained  the  same. 

Table  2  provides  a  detailed  summary  of  these  conditions  for  the  procedural 

task. 


The  Ss  were  matched  and  assigned  to  groups  on  the  basis  of  tracking  perform¬ 
ance  in  session  2.  The  sum  of  their  mean  roll,  pitch,  and  yaw  scores  was  used 
as  the  basis  for  matching. 

Experiment  II 

The  second  study  examined  the  effects  of  severed  rehearsal  procedures  across 
several  levels  of  amount  of  training.  Two  rehearsal  techniques  were  used  (whole 
and  part  rehearsal)  and  there  were  two  levels  of  training  (1  or  2  weeks). 

Apparatus :  The  apparatus  used  was  identical  in  all  respects  to  that  used 
in  Experiment  I,  consisting  of  both  the  procedural  and  the  continuous  tracking 
tasks.  The  input  and  task  dynamics  from  the  first  study  were  maintained  with 
the  tracking  task. 
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TABLE  2 


SCHEDULE  OF  STIMULUS  CONDITIONS  FOR  THE  NINE  LIGHT  PAIRS 
(CODED  1  THROUGH  9  FRCK  TOP  TO  BOTTOM  OF  PANEL) 

USED  DURING  TRAINING  IN  EXPERIMENT  I 


Session 

Trial 

Lights 

Off 

Lights 

Session 

Trial 

Lights 

Lights 

1 

None 

5 

1-3 

U-6 

l-ii-5-9 

U-5-8-9 

2-U-6-8 

2-U-6-8 

2 

g 

1-2-U-9 

3-U-5-6 

None 

2 

6 

1-ii 

5-8 

9-12 

2-3-U-9 

2-6-7-8 

2-5-6-8 

2-U-6-8 

2-li— 6— 8 
2-U-6-8 

3 

i 

2-3 

k 

5-6 

6— 7-8— 9 
6-7-8-9 
1-2 -5 -8 
1-2-5— 8 

None 

2-U 

None 

2-U-6 

7 

l-U 

5-8 

9-12 

3-5-6-8 
5-7-8— 9 
3-U-7-8 

2-li-6-8 

2-U-6-8 

2-U-6-Q 

h 

1 

2-3 

h 

5-6 

1-3-6-7 

1 -3-6-7 
3-U-6-7 
3-U-6-7 

None 
2-1+-6-8 
None 
2-1*— 6— 8 

8 

1-U 

5-8 

9-12 

1- 3-5-8 

2 - 3-5 -6 
2-5-8-9 

2-4-6-8 
2-1*— 6-8 
2-4-6-8 

Note: — Four  lights  in  each  series  were  always  red  and  five  were  amber. 
The  number  of  off-lights  was  gradually  raised  from  zero  (session  1)  to  the 
"operational"  task  condition  of  four  per  trial  on  session  U. 


TABLE  3 

EXPERIMENTAL  CONDITIONS  DEFINING  THE  VARIOUS  GROUPS 
IN  EXPERIMENT  II 


Group 

j  Training 

_ Retention  | 

Rehearsal 

Retention 

Retest 

1 

2 

days 

PT, 

3 

days 

NT 

■ 

days 

2 

days 

WT 

9 

days 

1 

day 

WT 

2 

2 

days 

FT, 

3 

days 

NT 

days 

2 

days 

PT 

9 

days 

1 

day 

WT 

3 

2 

days 

PT, 

3 

days 

WT 

days 

2 

days 

NT 

9 

days 

1 

day 

WT 

U 

2 

days 

PT, 

8 

days 

NT 

days 

2 

days 

WT 

9 

days 

1 

day 

WT 

5 

2 

days 

PT, 

8 

days 

WT 

days 

2 

days 

PT 

9 

days 

1 

day 

WT 

6 

2 

days 

PT, 

8 

days 

WT 

days 

2 

days 

NT 

9 

days 

1 

day 

WT 

Note: — NT  =  Whole-task  training  (both  tasks  together). 

PT  =  Part-task  training  (tracking  and  procedural  separately). 
NT  =  No  task  rehearsal. 
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The  procedural  task  sequence  used  in  the  second  study  was  modified  somewhat 
from  that  used  in  Experiment  I.  The  stimulus  order  (in  terms  of  light  pairs) 
was  1,  9,  2,  8,  3,  7,  h,  6,  3,  where  1  refers  to  the  top  pair  of  lights,  etc. 

The  timing  between  stimuli  and  the  programming  of  stimulus  conditions  on  each 
trial  (see  table  2)  remained  the  same  as  in  the  first  experiment.  The  modifica¬ 
tion  in  the  sequence  did  not  affect  the  information  in  the  sequence  (ft  =  2.808 
bits). 

Experimental  Design:  Table  3  is  a  description  of  the  six  experimental 
groups  and  their  associated  experimental  conditions.  The  rehearsal  techniques 
were  identical  in  procedure  to  those  employed  in  Experiment  I. 

Subjects  and  Procedure:  A  total  of  8ii  undergraduate  males  served  in  the 
experiment.  All  were  volunteers  who  received  $1.00  per  experimental  session.  In 
addition,  all  Ss  were  "experienced"  in  that  all  had  served  in  a  prior  study  which 
involved  learning  a  three-dimensional  tracking  task.  The  Ss  were  matched  (as¬ 
signed  to  groups)  on  the  basis  of  their  final  tracking  perlormance  in  this  prior 
experiment.  Since  the  earlier  study  had  manipulated  an  augmented  feedback  vari¬ 
able  in  a  transfer-of-training  paradigm,  it  was  felt  that  biasing  effects  would 
be  slight  and  the  advantage  of  good  matching  data  outweighed  any  disadvantage  of 
using  experienced  Ss. 

The  Ss  trained  for  either  1  or  2  weeks,  depending  upon  the  group.  The 

training  procedures  were  similar  to  those  in  Experiment  I,  except  that  part 

training  procedures  were  used  on  only  the  first  2  days,  instead  of  for  U  days 

as  in  the  earlier  study.  The  Ss  returned  10  days  following  the  end  of  training 

for  2  days  of  rehearsal.  As  slated  above,  the  rehearsal  conditions  were  simi¬ 
lar  to  those  of  Experiment  I  except  for  the  procedural  task  sequencing.  The  Ss 
returned  again  9  days  after  the  rehearsal  sessions  for  a  single  retention  tesT 
session. 


RESULTS 


Experiment  I 

The  data  for  both  the  tracking  and  the  procedural  tasks  were  examined  using 
an  analysis  of  variance.  Separate  analyses  were  conducted  on  the  training  data, 
the  retention  data,  and  on  difference  scores  (training-retention). 

Tracking  Task;  Figure  1  presents  the  tracking  performance  for  all  four 
groups  during  the  8  days  of  training,  2  days  of  rehearsal,  and  the  retention 
test.  Performance  is  given  in  terms  of  average  error  (in  inches  of  display- 
scale  displacement).  Sessions  1 -I4.  consisted  of  part  training  (see  Procedure, 
above)  and  therefore  are  not  directly  comparable  to  the  scores  during  sessions 
5-8  or  during  the  retention  test  session. 

From  figure  1  it  is  evident  that  the  groups  were  not  completely  matched — 
this  is  especially  noticeable  during  the  first  2  days  of  whole  training  (sessions 
5  and  6)  where  group  1  was  substantially  poorer  in  performance  than  were  the 
other  groups.  An  analysis  of  variance  was  performed  on  the  last  six  trials  of 
the  final  day  of  training  (session  8).  This  analysis  (see  table  ii)  indicated 
that  (a)  the  groups  did  not  differ  significantly  one  from  another  at  the  end  of 
training,  and  (b)  there  was  no  increase  in  proficiency  during  the  last  six 
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Sessions 


Figure  1.  Average  Tracking  Performance  for  Each  Experimental 
Group  during  Training,  Rehearsal,  and  Retention  Test  (Experiment  I). 


TABLE  li 


ANALYSES  OF  VARIANCE  PERFORMED  ON  FINAL  PERFORMANCE 
AT  END  OF  TRAINING  (SESSION  8)  IN  EXPERIMENT  I 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS 

F 

MS 

F 

MS 

F 

MS 

F 

Groups  (G) 

3 

61*80 . 63 

7.158 

2.82* 

0.367 

1.58 

6255.69 

2.1*1 

Ss/Groups 

56 

6750.23 

3.136 

0.232 

2600.52 

Trials  (T) 

5 

982.01* 

1.05 

0.336 

— 

0.071 

— 

377.61* 

— 

T  x  G 

13 

529.70 

0.631* 

— 

0.062 

— 

577.52 

— 

T  x  Ss/G 

280 

938.29 

■ 

0.781 

o.io5 

656.01 

*  £  <  .05 
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training  trials,  indicating  that  the  groups  were  beginning  to  asymptote  in  per¬ 
formance. 


Performance  during  rehearsal  on  the  tracking  task  was  as  expected:  the 
whole-task  group  performed  least  proficiently,  the  part-rehearsal  group  did 
noticeably  better,  and  the  simplified  group,  having  less  demanding  task  dynamics, 
attained  the  most  proficient  performance. 

Retention  test  scores  were  analyzed  several  ways.  First,  an  analysis  of 
variance  was  performed  using  the  actual  retention  test  scores.  This  analysis  is 
shown  in  table  5.  No  significant  differences  were  found  between  groups  in  terms 
of  their  absolute  levels  of  retention  performance  (F  =  2.1:7,  df  =  3/56).  The 
order  of  efficiency  from  high  to  low  of  the  four  groups  in  terms  of  absolute 
retest  performance  was  group  3  (simplified  rehearsal),  group  2  (part-task  re¬ 
hearsal),  group  i|  (no  rehearsal),  and  group  1  (whole-task  rehearsal). 

The  lack  of  statistical  significance,  plus  the  order  of  merit  itself  (whole- 
task  rehearsal  being  less  efficient  than  no  rehearsal)  led  to  a  question  of  the 
legitimacy  of  analyzing  only  the  absolute  retention  values.  Initially  this  type 
of  analysis  was  felt  to  be  justified  on  the  basis  of  the  earlier  reported  lack 
of  significant  group  differences  at  the  end  of  training.  However,  as  mentioned 
earlier,  the  whole-task  rehearsal  group  was  consistently  the  least  proficient 
group  throughout  training.  Because  of  this,  an  examination  of  difference  scores 
(training-retest  performance)  was  considered  as  being  a  more  appropriate  measure 
of  rehearsal  efficiency.  The  results  of  this  analysis  are  shown  in  table  6. 

Note  that  in  this  analysis  the  groups  do  differ  significantly  (p  <  .01). 
However,  this  difference  is  in  terms  of  relative  loss  in  skill  over  the  retention 
period.  Table  7  expresses  these  decrements  in  performance  in  terms  of  the  aver¬ 
age  error  metric.  It  is  interesting  to  examine  the  order  of  merit  of  the 


TABLE  5 

ANALYSIS  OF  VARIANCE  RESULTS  OF  TOE  ABSOLUTE  RETENTION  TEST 
SCORES  FOR  ALL  PERFORMANCE  MEASURES  IN  EXPERIMENT  I 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS 

F 

MS 

F 

MS 

F 

MS 

F 

Rehearsal 

3 

381+80 . 3 

2.1+7 

22.65 

3.98* 

0.5701+ 

1.98 

21:9.60 

8.10:** 

Error 

56 

15555 . 7 

5.69 

0.2877 

29.57 

Trials 

5 

U0819.9 

— 

1+.23 

3.1U** 

0.7578 

3.25** 

19.63 

2.23 

T  x  R 

15 

1+1+51+.  1 

— 

1 .61+ 

1.32 

0.5015 

2.15 

16.73 

1.90 

T  x  E 

280 

1+818.1 

1.21+ 

0.2331+ 

8.78 

*  £  <  .05 

**  £  <  .01 
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TABLE  6 

ANALYSIS  OF  VARIANCE  RESULTS  OF  THE  DIFFERENCE  SCORES 
(TRAINING  SESSION  -  RETENTION  SESSION)  FOR  ALL 
PERFORMANCE  MEASURES  IN  EXPERIMENT  I 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS 

F 

MS 

F 

MS 

F 

MS 

F 

Rehearsal 
Within  Cell 

Total 

3 

56 

59 

6707.3 

1259.5 

5.32** 

2.17 

1.39 

1*3.9531 

27.6738 

1.59 

**  £  <  .01 


TABLE  7 


MEAN  PERFORMANCE  MEASURES  FOR  SUBJECTS  DURING  THE  LAST  TRAINING 
SESSION  AND  THE  RETENTION  TEST  SESSION  FOR  EACH  OF 
THE  POUR  REHEARSAL  CONDITIONS  IN  EXPERIMENT  I 


Rehearsal  Group 

Training  j 

1  1  "  11  T . 

Retention  Test 

Difference 

Tracking  Performance  (in  Inches) 

Whole  Rehearsal 

msm 

Part  Rehearsal 

Simplified  Rehearsal 

0.118 

No  Rehearsal 

msm 

0.ll*3 

Number  of  Commissive  Errors 

Whole  Rehearsal 

0.31 

0.53 

-0.22 

Part  Rehearsal 

0.85 

0.61 

0.2l* 

Simplified  Rehearsal 

0.81 

0.97 

-0.16 

No  Rehearsal 

1.01 

1.63 

-0.62 

Number  of  Omissive  Errors 

Whole  Rehearsal 

0.08 

0.11 

-0.03 

Part  Rehearsal 

0.09 

0.06 

0.03 

Simplified  Rehearsal 

0.21 

0.19 

0.02 

No  Rehearsal 

0.03 

0.20 

-0.17 

Response  Time 

Whole  Rehearsal 

6.28 

7.82 

-1.31* 

Part  Rehearsal 

6.58 

7.31 

-0.73 

Simplified  Rehearsal 

7.09 

11.70 

-U.61 

No  Rehearsal 

5.91* 

8.98 

-3.0b 
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rehearsal  procedures  in  terms  of  these  difference  scores.  The  part-practice 
group  (group  2)  experienced  the  least  loss  of  skill  (in  fact,  there  is  even  a 
slight  increment  evident).  This  procedure  is  followed,  in  order  of  efficiency, 
by  group  3  (simplified  rehearsal),  group  It  (no  rehearsal),  and  group  1  (whole- 
task  rehearsal).  Thus,  the  same  order  of  merit  is  observed  with  this  performance 
measure.  In  order  to  determine  which  of  the  groups  (rehearsal  conditions)  dif¬ 
fered  significantly  from  each  other,  the  Duncan  Multiple  Range  Test  (ref.  8)  was 
used  to  test  for  differences  between  all  possible  pairs  of  means.  This  analysis 
indicated  that  the  means  in  table  7  may  be  grouped  into  two  sets.  Both  the  part- 
rehearsal  group  (£  <  .01)  and  the  simplified-rehearsal  group  (£  <  .05)  differed 
significantly  from  the  whole-rehearsal  and  no-rehearsal  groups,  but  did  not  differ 
from  each  other,  and  the  whole-rehearsal  group  did  not  differ  from  the  no-rehearsal 
group. 

Analyses  of  the  data  were  also  performed  using  the  measure  defined  as  (last 
training  session)  -  (  first  retest  trial)  performance.  This  measure  is  more  sen¬ 
sitive  to  initial  or  immediate  retention  performance  than  the  measure  (last 
training  session)  -  (retest  session).  No  significant  differences  among  groups 
were  found  with  this  measure. 

Procedural  Task:  Three  separate  measures  were  obtained  of  procedural  task 
performance — commissive  errors,  omissive  errors,  and  response  time.  Table  7 
shows  the  performance  of  each  of  the  four  groups  on  each  of  these  measures.  The 
performance  listed  is  for  the  last  six  trials  of  training,  the  six  retention 
test  trials,  and  for  the  difference  scores  (training  -  retention  performance). 

As  was  the  case  with  tracking  performance,  all  of  the  procedural  task  meas¬ 
ures  were  analyzed  initially  using  only  the  retention  test  data.  From  table  5 
it  is  apparent  that  two  of  the  three  measures  (commissive  errors  and  response 
time)  indicated  significant  retention  differences  as  a  function  of  rehearsal  con¬ 
ditions.  In  addition,  both  commissive  errors  and  omissive  errors  showed  a  sig¬ 
nificant  trial  effect.  This  was  the  result  of  rapid  reacquisition  of  skill  on 
these  two  measures  during  the  brief,  six-trial  retention  session. 

The  analysis  of  variance  performed  on  the  difference  scores  (training-retest) 
did  not  result  in  the  same  findings,  i.e.,  none  cf  the  procedural  metrics  demon¬ 
strated  significant  group  differences  as  a  function  of  rehearsal  conditions  (see 
table  6).  An  analysis  of  training-first  retest  trial  gave  identical  results. 

An  interesting  pattern  of  consistency,  however,  may  be  observed  by  the  order  of 
merit  evidenced  (in  terns  of  difference  scores)  by  all  three  procedural  task 
measures.  These  may  be  seen  in  table  7.  For  commissive  and  omissive  errors 
the  order  of  efficiency  was  identical:  part  rehearsal  was  best,  followed  in 
sequence  by  simplified  rehearsal,  whole-task  rehearsal,  and  no  rehearsal.  Note 
that  this  order  is  almost  identical  to  that  found  with  the  tracking  task  scores. 

A  slight  reversal  in  order  was  evident  with  the  response  time  measure.  Part 
rehearsal  was  still  better,  but  whole  rehearsal  was  superior  to  simplified, 
which  in  turn  was  more  efficient  than  no  practice.  As  mentioned  above,  however, 
none  of  these  differences  were  statistically  significant. 

Experiment  II 

Analyses  similar  to  those  used  in  Experiment  I  were  also  used  to  examine 
the  data  of  the  second  study. 

Tracking  Task:  Figures  2  and  3  summarize  the  tracking  performance  of  the 
six  groups  during  training,  rehearsal,  and  retention  test.  Figure  2  shows  the 
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Figure  2.  Average  Tracking  Performance  for  Each  Group  during 
Training,  Rehearsal,  and  Retention  Test  for  the  One-Week  Training 
Groups  in  Experiment  II. 


performance  of  the  1-week  training  groups,  while  figure  3  shows  the  performance 
for  those  groups  having  2  weeks  of  training.  Scores  during  the  first  2  days 
represent  part-practice  performance  and  therefore  are  not  directly  comparable 
to  subsequent  measures  obtained  during  training  (sessions  3-5  or  3-10)  or  during 
the  retention  test. 

The  training  data  for  the  1-  and  for  the  2-week  groups  are  quite  similar. 

At  the  end  of  session  5  all  groups  were  performing  with  an  average  error  of  ap¬ 
proximately  0.30  inch.  The  2-week  training  groups  continued  to  improve  during 
the  additional  5  days  of  practice,  reducing  their  average  error  scores  to  about 
0.16  inch  on  session  10.  The  obvious  implications  to  be  drawn  from  figures  2 
and  3  are  that  the  1-week  groups  were  not  trained  to  any  approximation  of  asymp¬ 
totic  performance,  while  the  2-week  training  groups  do  show  some  indication  of 
a  leveling  off  in  tracking  skill  by  the  tenth  session.  An  analysis  of  variance 
performed  on  the  training  scores  partially  supports  this  conclusion  (see  table  8). 
This  analysis  utilized  the  three  blocks  of  four  trials  experienced  by  each  S  on 
his  last  day  of  training.  The  significant  trial-blocks  effect  (F  ■  31.96,  3f  = 
2/l56)  indicates  that  the  groups  were  still  improving  in  performance  at  the  end 
of  training,  and  the  significant  trials  by  groups  interaction  (F  =  8.8h,  df  = 
2/156)  indicates  that  the  relative  improvement  was  greater  for  The  l-week*Train- 
ing  groups  than  for  the  2-week  training  groups.  Thus,  groups  1,  2,  and  3  were 
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Figure  2.  Average  Tracking  Performance  for  Each  Group  during 
Training,  Rehearsal,  and  Retention  Test  for  the  One-Week  Training 
Groups  in  Experiment  II. 


performance  of  the  1-week  training  groups,  while  figure  3  shows  the  performance 
for  those  groups  having  2  weeks  of  training.  Scores  during  the  first  2  days 
represent  part-practice  performance  and  therefore  are  not  directly  comparable 
to  subsequent  measures  obtained  during  training  (sessions  3-5  or  3-10)  or  during 
the  retention  test. 

The  training  data  for  the  1-  and  for  the  2-week  groups  are  quite  similar. 

At  the  end  of  session  5  all  groups  were  performing  with  an  average  error  of  ap¬ 
proximately  0.30  inch.  The  2-week  training  groups  continued  to  improve  during 
the  additional  5  days  of  practice,  reducing  their  average  error  scores  to  about 
0.16  inch  on  session  10.  The  obvious  implications  to  be  drawn  from  figures  2 
and  3  are  that  the  1-week  groups  were  not  trained  to  any  approximation  of  asymp¬ 
totic  performance,  while  the  2-week  training  groups  do  show  some  indication  of 
a  leveling  off  in  tracking  skill  by  the  tenth  session.  An  analysis  of  variance 
performed  on  the  training  scores  partially  supports  this  conclusion  (see  table  8). 
This  analysis  utilized  the  three  blocks  of  four  trials  experienced  by  each  S  on 
his  last  day  of  training.  The  significant  trial-blocks  effect  (F  =  31.96,  3f  = 
2/156)  indicates  that  the  groups  were  still  improving  in  performance  at  the  end 
of  training,  and  the  significant  trials  by  groups  interaction  (F  =  8. 81*,  df  = 
2/156)  indicates  that  the  relative  improvement  was  greater  for  The  l-week“Train- 
ing  groups  than  for  the  2-week  training  groups.  Thus,  groups  1,  2,  and  3  were 
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Figure  3.  Average  Tracking  Performance  for  Each  Group  during 
Training,  Rehearsal,  and  Retention  Test  for  the  Two-Week  Training 
Groups  in  Experiment  II. 


apparently  still  improving,  while  groups  h,  5,  and  6  were  reaching  a  plateau  in 
tracking  performance. 

There  was  a  significant  difference  in  absolute  skill  level  at  the  end  of 
training  as  a  function  of  the  amount  of  practice  (F  *  39-37,  df  =  l/78),  while 
the  nonsignificant  rehearsal  effect  (an  artificial  variable  aF~ this  stage  since 
rehearsal  had  not  yet  occurred)  is  evidence  of  adequate  matching  of  Ss  within 
training  levels  at  the  beginning  of  training.  ” 

Because  of  the  significant  differences  observed  between  groups  due  to  amount 
of  training,  it  was  decided  to  use  an  analysis  of  difference  scores  (training- 
retention  test)  as  a  measure  of  retention.  The  analyses  performed  on  the  differ¬ 
ence  scores  are  shown  in  table  9.* 


*  It  should  be  noted  that  the  basic  purpose  of  the  difference-score  analysis 
was  to  adjust  the  absolute  retention  values  for  final  training  performance. 
One  weakness  which  the  reader  should  keep  in  mind,  however,  is  that  because 
learning  rate  is  a  nonlinear  function  of  practice  (usually),  unit  loss  of 
retention  from  a  point  near  the  asymptote  may  not  be  equal  to  a  unit  loss 
from  some  other  base  point. 
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TABLE  8 


ANALYSIS  OF  VARIANCE  RESULTS  OF  FINAL  PERFORMANCE  AT  END  OF  TRAINING 
(SESSION  5  FOR  GROUPS  1-3,  SESSION  10  FOR  GROUPS  I4-6) 

IN  EXPERIMENT  II 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS 

F 

MS 

F 

MS 

F 

MS 

F 

Amount  of 
Training  (A) 

1 

772852 

39.37** 

5.5299 

18.61** 

2.2061* 

1*.1*1* 

51.01*80 

2.22 

Rehearsal  (R) 

2 

noUo 

— 

0.2566 

— 

0.6270 

1.25 

33-3299 

1.1*5 

A  x  R 

2 

13121 

— 

0.601*5 

2.03 

0.321*7 

— 

1.31*38 

— 

Subjects  within 
Groups  (Ss/G) 
Trial  Blocks  (T) 

78 

2 

19630 

57515 

31.96** 

0.2972 

0.8800 

6.22** 

o.5ool* 

0.3820 

3-37* 

22.9896 

20.8799 

6.95* 

T  x  A 

2 

15911* 

8.81*** 

0.961*0 

6.81** 

0.01*38 

— 

3. 9961* 

1.33 

T  x  R 

1* 

1*53 

— 

0.0588 

— 

0.01*06 

— 

3.5908 

1.19 

T  x  R  x  A 

1* 

175 

— 

0.2166 

1.52 

0.11*81* 

1.31 

1.9260 

— 

T  x  Ss/G 

156 

1800 

1 

o\il*i5 

0.1133 

3.0027 

*  £  <  .05 

■K-K-  £  <  .01 


TABLE  9 

ANALYSIS  OF  VARIANCE  RESULTS  OF  THE  DIFFERENCE  SCORES 
(TRAINING  SESSION  -  RETENTION  TEST  SESSION)  FOR 
ALL  PERFORMANCE  MEASURES  IN  EXPERIMENT  II 


Source 

df 

Tracking 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

MS 

F 

MS 

F 

MS 

wm 

MS 

F 

Amount  of 
Training  (A) 

1 

596,338 

20.69** 

5.80 

6.13* 

2.95 

2.91* 

5.85 

Rehearsal  (R) 

2 

306,71*3 

10.61*** 

0.21* 

— 

0.91 

— 

117.68 

3.11 

A  x  R 

2 

223,281* 

7.75** 

1.26 

1.33 

1.1*1* 

1.1*2 

18.50 

— 

Subjects  within 
Groups 

78 

28,818 

0.95 

1.01 

37.87 

*  £  <  .05 

#*  £  <  .01 


li* 


TABLE  10 


MEAN  PERFORMANCE  MEASURES  FOR  SUBJECTS  DURING  THE  LAST 
TRAINING  SESSION  AND  TOE  RETENTION  TEST  SESSION 
FOR  EACH  OF  TOE  GROUPS  IN  EXPERIMENT  II 


Rehearsal 

Group 

Amount  of 
Training 

Training 

Retention 

Test 

Difference 

Tracking  Performance  (in  Inches) 

Whole 

1  week 

0.288 

0.159 

0.129 

Part 

1  week 

0.21*2 

0.187 

0.051* 

None 

1  week 

0.275 

0.275 

0.000 

Whole 

2  weeks 

0.155 

0.11*6 

0.009 

Part 

2  weeks 

0.158 

0.152 

0.005 

None 

2  weeks 

0.159 

0.160 

-0.000 

Number  of  Commissive 

Errors 

Whole 

1  week 

0.56 

0.32 

0.21* 

Part 

1  week 

0.69 

0.1*5 

0.21* 

None 

1  week 

0.1*1 

0.31 

0.10 

Whole 

2  weeks 

0.26 

0.22 

o.ol* 

Part 

2  weeks 

0.23 

0.29 

-0.06 

None 

2  weeks 

0.28 

0.21 

0.07 

Number  of  Omissive 

Errors 

r  ' 

Whole 

1  week 

0.52 

0.22 

0.30 

Part 

1  week 

0.1*8 

0.28 

0.20 

None 

1  week 

0.27 

0.31* 

-0.07 

Whole 

2  weeks 

0.31 

0.19 

0.12 

Part 

2  weeks 

0.18 

0.16 

0.02 

None 

_ i 

2  weeks 

0.21 

0.18 

0.03 

Response  Time 

Whole 

1  week 

11.26 

10.16 

1.10 

Part 

1  week 

10.26 

10.11 

0.15 

None 

1  week 

10.38 

10.90 

-0.52 

Whole 

2  weeks 

10.51 

9.38 

1.13 

Part 

2  weeks 

9.06 

9.21 

-0.15 

None 

2  weeks 

9.62 

9.36 

0.26 

Both  main  effect  variables,  amount  of  training  and  type  of  rehearsal,  were 
found  to  have  a  significant  effect  upon  retention.  The  2-week  training  groups 
(groups  1*,  5,  and  6)  showed  little  change  in  skill  over  the  retention  interval, 
while  the  groups  receiving  only  1  week  of  practice  showed  substantial  skill 
increase  over  the  retention  interval.  The  effect  of  rehearsal  procedure  was 
quite  evident,  with  whole-task  rehearsal  being  superior  to  part-task  rehearsal, 
which  in  turn  was  superior  to  the  no-rehearsal  condition.  This  was  especially 
true  for  the  groups  receiving  only  1  week  of  training,  as  indicated  by  the  sig¬ 
nificant  interaction  between  amount  of  training  and  rehearsal  method  (see  table 
10).  Thus,  it  would  appear  that  given  a  moderate  amount  of  training  the  type 
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of  rehearsal,  or  even  Its  presence.  Is  not  too  critical,  while  rehearsal  Is 
quite  effective  for  groups  receiving  lesser  amounts  of  original  training.  These 
conclusions  are  supported  by  further  analysis:  the  Duncan  Multiple  Range  Test 
(ref.  8)  indicated  that  for  the  groups  receiving  1  week  of  training  significant 
differences  (p  <  .01)  obtained  between  all  rehearsal  conditions.  In  contrast, 
for  the  2-weex  training  groups,  no  significant  differences  (£  >  . 0 5)  occurred 
as  a  function  of  rehearsal  conditions. 

One  obvious  problem  with  the  above  findings  lies  in  the  fact  that  the  rela¬ 
tively  poorly  trained  groups  retained  more  than  the  well-trained  groups,  indicat¬ 
ing  that  they  were  merely  continuing  original  acquisition  during  rehearsal.  A 
more  pertinent  and  practical  question  is  to  ask  how  the  groups  compare  on  final 
test  performance  per  se.  An  analysis  of  variance  was  carried  out  on  the  first 
retention  trial  scores  to  examine  this  question.  Method  of  training  was  signifi¬ 
cant  (F  *  10.83,  df  =»  2/78}  £  <  .01)  as  was  amount  of  training  (F  -  4.13,  df  * 
1/78 j  £  <  .0$).  Ho  significant  interaction  was  obtained.  Whol  entraining  was 
superior  to  part  training,  which  in  turn  ms  superior  to  no  rehearsal— identical 
ordering  to  that  found  with  the  first  analysis. 

Procedural  Task:  The  analyses  of  final  training  performance  for  all  three 
procedural  task  measures  are  shown  in  table  8.  Groups  differed  in  skill  as  a 
function  of  amount  of  training  in  terms  of  both  commissive  errors  (£  <  .01)  and 
omissive  errors  (£  <  .0?),  although  response  time  did  not  so  discriminate  among 
groups.  All  three  measures  did  indicate  that  performance  was  still  improving 
during  the  last  training  session,  as  all  three  scores  showed  a  significant  trials 
effect.  However,  the  significant  interaction  of  trials  by  amount  of  training 
observed  with  commissive  errors  Indicated  that,  at  least  for  this  measure,  the 
increase  in  skill  proficiency  due  to  trials  was  primarily  a  function  of  the 
1-week  training  groups.  Plots  of  the  learning  data  substantiated  these  conclu¬ 
sions.  It  was  again  decided  to  utilize  the  difference-score  method  of  analysis, 
since  the  groups  did  differ  at  the  end  of  training.  These  analyses  are  listed 
in  table  9.  Table  10  shows  the  mean  scores  per  individual  per  trial  at  the  end 
of  training  and  during  retention  test  for  all  groups  and  all  measures. 

The  most  obvious  fact  presented  In  table  9  is  that  there  was  only  one  sig¬ 
nificant  effect  observed  across  all  three  procedural  task  difference  score 
measures  and  that  difference  was  found  with  commissive  errors  where  amount  of 
training  did  Influence  the  degree  of  skill  loss  (£  <  .05).  This  was  not  too 
surprising,  since  similar  results  had  been  obtained  in  Ejqjeriment  I.  Examina¬ 
tion  of  these  nonsignificant  differences  (a  procedure  that  is  never  really 
legitimate  but  often  quite  insightful),  which  are  given  in  table  10,  did  show 
that  their  direction  had  a  consistency  which  is  quite  remarkable.  This  is 
true  especially  when  the  order  of  efficiency  is  found  with  the  tracking  data 
(which  were  significant)  is  included.  Table  11  shows  these  orders  of  merit. 

Thus,  in  all  cases  but  one  (commissive  errors,  2  weeks  of  training)  whole  re¬ 
hearsal  was  most  advantageous.  Exactly  the  same  order  is  to  be  observed  for 
all  measures  for  the  groups  having  only  1  week  of  training.  Those  groups  having 
2  weeks  of  training,  on  the  other  hand,  are  somewhat  more  inconsistent  in  terms 
of  method  efficiency.  It  would  appear  that  (a)  the  procedural  task  metrics 
lacked  sensitivity,  and  that  (b)  this  insensitivity  was  furthered  by  additional 
training.  Both  (a)  and  (b)  above  tended  to  mask  any  visible  influence  of  re¬ 
hearsal  . 

Analyses  were  also  performed  on  the  first  retention  test  trial  scores.  The 
results  of  this  analysis  procedure  for  all  three  procedural  measures  provided  two 
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TABLE  11 


OBSERVED  ORDER  OF  EFFICIENCY  OF  TOE  VARIOUS  REHEARSAL  METHODS 
AS  A  FUNCTION  OF  AMOUNT  OF  TRAINING  AND  DEPENDENT  VARIABLE 


Amount  of 
Training 

Variable 

Tracking 

Error* 

Commissive 

Errors 

Omissive 

Errors 

Response 

Time 

Whole 

Wholel 

p  Tie 

Whole 

Whole 

1  Week 

Part 

Part  J 

Part 

Part 

None 

None 

None 

None 

Whole 

None 

Whole 

Whole 

2  Weeks 

Part 

Whole 

None 

None 

None 

Part 

Part 

Part 

*  Differences  were  statistically  significant. 


significant  (£  <  .0$)  differences— a  method  x  amount  of  training  interaction  with 
commissive  errors  and  a  method  effect  for  omissive  errors.  The  interaction  effect, 
when  examined,  indicated  whole  rehearsal  to  be  most  efficient  for  the  1-week 
training  groups,  but  no  rehearsal  differences  for  groups  having  2  weeks  of  train¬ 
ing.  The  method  effect  found  with  omissive  errors  showed  whole  rehearsal  to  be 
superior  to  part  rehearsal  which  in  turn  was  superior  to  no  rehearsal.  Thus,  the 
first  retention  trial  performance  provided  a  more  sensitive  measure  of  rehearsal 
effects  than  did  measures  using  the  entire  rehearsal  session.  Apparently  the  ef¬ 
fects  of  rehearsal  differences  tend  to  disappear  rapidly  with  additional  retention 
trials. 


DISCUSSION 

There  were  several  aspects  of  the  findings  in  both  studies  which  were  anti¬ 
cipated  from  prior  research.  The  tracking  performance  measures  were  the  most 
sensitive  indicators  of  performance  in  both  studies  which  was  not  unexpected, 
as  earlier  studies  had  found  similar  results  (refs.  2,  lit).  The  lack  of  sensi¬ 
tivity  of  the  procedural  task  may  be  a  result  of  the  task  being  sufficiently  easy 
so  that  accurate  performance  becomes  well  established  early  in  original  training, 
thus  being  relatively  unaffected  by  the  independent  variables  which  were  applied 
later  in  the  rehearsal  period  of  the  experiment.  The  absolute  magnitude  of  the 
procedural  task  error  scores  made  by  Ss  in  both  studies  supports  such  a  hypothesis 
as  such  errors  were  quite  infrequent.”  During  retention  test  in  Experiment  II, 
for  example,  Ss  were  averaging  only  about  one  ccmaiissive  error  in  every  three 
trials.  ’ 

The  powerful  effect  of  additional  training  observed  in  the  second  study  was 
also  anticipated.  A  study  by  Naylor  et  al.  (ref.  lit)  had  shown  previously  that 
sufficient  practice  reduced  the  effects  of  both  retention  Interval  length  and 
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task  organization.  Apparently  it  is  also  able  to  ainiaize  rehearsal  effects,  as 
rehearsal  had  little  or  no  influence  upon  retention  for  groups  having  2  weeks  of 
training  in  Experiaent  II.  This  would  suggest  that  any  long-tera  retention 
experimentation  should  include  aaount  of  training  as  one  of  the  independent 
variables  so  that  other,  but  potentially  less  influential,  variables  be  given 
an  opportunity  to  demonstrate  their  effects. 

The  major  inconsistency  between  Experiments  I  and  II  was  the  reversal  in 
relative  efficiency  of  the  rehearsal  methods.  The  findings  of  Experiment  I 
demonstrated  in  general  that  part  rehearsal  was  superior,  followed  in  order  by 
simplified,  whole,  and  no  rehearsal.  However,  the  Experiment  II  findings  gener¬ 
ally  showed  whole  rehearsal  best,  followed  by  part  and  none,  for  the  1-week 
training  groups.  As  mentioned  above,  2  weeks  of  training  appeared  to  completely 
negate  rehearsal  effects.  Thus,  viewing  the  two  experiments  together  one  finds 
whole  rehearsal  superior  after  5  days  of  training  (Experiment  II),  part  re¬ 
hearsal  superior  after  8  days  of  training  (Experiment  I),  and  no  rehearsal  effect 
at  all  given  10  days  of  training  (Experiment  II). 

The  notion  that  the  relative  efficiency  of  rehearsal  techniques  should  be 
related  to  amount  of  practice  is  not  surprising  in  itself,  of  course.  Since  re¬ 
hearsal  is  logically  Just  an  extension  of  practice  on  the  task,  it  is  to  be  ex¬ 
pected  that  increasing  amounts  of  practice  will  tend  to  reduce  differences  between 
practice  methods.  What  is  surprising,  however,  is  to  find  the  relative  order  of 
merit  among  practice  methods  to  vary  as  a  function  of  amount  of  practice  prior  to 
rehearsal.  One  possible  explanation  for  this  may  exist  in  the  fact  that  the  train¬ 
ing  procedures  for  Experiments  1  and  II  were  not  directly  comparable.  In  Experi¬ 
ment  I  all  groups  received  four  full  days  of  part  practice  prior  to  combined  task 
practice,  while  in  Experiment  II  only  two  days  of  component  practice  were  given 
before  the  Ss  combined  the  subtasks.  Thus,  not  only  did  the  5-  and  8-day  training 
situations  cliffer  in  quantity,  they  also  differed  in  qualitative  manner.  The 
8-day  groups  spent  50$  of  their  learning  on  part  training,  as  compared  to  1*0$  for 
the  5-day  groups,  who  spent  the  rest  (60$)  on  whole-task  practice.  This  may 
indicate  that  rehearsal  method  efficiency  is  related  not  only  to  amount  of  prac¬ 
tice,  but  to  the  kind  of  practice  preceding  it. 

Such  a  conclusion  would  certainly  be  compatible  with  the  assumption  that  a 
complex  task  involves  not  only  the  acquisition  of  skill  on  each  task  component, 
but  also  the  acquisition  of  a  skill  in  time  sharing.  In  this  task,  then,  the 
skill  of  time  sharing  (supposedly  acquired  during  whole-task  practice)  was  as 
necessary  as  component  skill  (acquired  through  either  part  or  whole  practice). 

The  qualitatively  different  training  schedules  would  therefore  provide  different 
degrees  of  training  on  the  three  aspects  of  total  task  skill.  Thus,  the  5-day 
groups,  which  spent  60$  of  their  time  on  whole  practice,  responded  best  to  whole 
rehearsal.  Similarly,  the  8-day  groups,  which  spent  a  greater  portion  of  their 
time  on  part  practice,  both  in  relative  and  absolute  terms,  responded  best  to  part 
rehearsal . 

In  summary,  it  is  suggested  that  (a)  the  relative  effect  of  various  rehearsal 
methods  is  inversely  related  to  the  amount  of  initial  training  received  and  (b) 
the  most  efficient  method  may  depend  upon  the  method  (in  addition  to  the  amount) 
of  original  training. 
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SUMMARY 


Two  separate  experiments  were  conducted  to  study  the  effects  of  various 
task  rehearsal  methods  as  a  means  of  facilitating  the  retention  of  a  time-shared 
task  consisting  of  a  continuous  component  (compensatory  tracking)  and  a  discrete 
S-R  component  (procedural  monitoring).  Experiment  I  investigated  four  rehearsal 
conditions  (whole-task,  part-task,  simplified-task,  and  none),  while  Experiment 
II  examined  three  (whole-task,  part-task,  and  none).  Amount  of  training  (5  or 
10  days)  was  an  additional  variable  in  Experiment  II.  Part-task  rehearsal  was 
found  to  be  most  efficient  in  Experiment  I,  while  whole-task  rehearsal  was  more 
efficient  in  the  second  study. 

The  training  procedures  for  Experiments  I  and  II  were  not  directly  comparable. 
In  Experiment  I  all  groups  received  four  full  days  of  part  practice  prior  to  com¬ 
bined  task  practice,  while  in  Experiment  II  only  two  days  of  component  practice 
were  given  before  the  Ss  combined  the  subtasks.  Thus,  comparisons  across  experi¬ 
ments  involved  qualitative  as  well  as  quantitative  training  differences  between 
groups.  The  8-day  groups  (Experiment  I)  spent  5 0 %  of  their  learning  on  part 
practice,  as  compared  to  h0%  for  the  5-day  groups  and  20£  for  the  10-day  groups 
(Experiment  I).  This  may  indicate  that  rehearsal  method  efficiency  is  related 
not  only  to  the  amount  of  practice,  but  to  the  composition  of  practice  methods 
initially  used. 
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